Dispersed fluorescence spectroscopy has been used to study jet-cooled AgAu and Pt 2 . Fluorescence resulting from the excitation of five bands of the A←X 1 ⌺ ϩ system of AgAu was dispersed, and 51 measured ground state vibrational levels were fit to provide ground state vibrational constants of 
I. INTRODUCTION
The open d subshells of the transition metals make the electronic structure of transition metal clusters quite complex, even for diatomic molecules. The factors that govern the bonding in these molecules are often complicated and difficult to sort out, with phenomena such as exchange effects, spin-orbit coupling, and ion-pair and d orbital contributions to the bonding varying in importance as one moves from one metal molecule to another. Among the transition metal dimers, the coinage metal dimers are by far the most easily understood. In the ground states of these species the d orbitals are filled and highly contracted such that when two d 10 s 1 atoms combine the bonding is dominated by the s orbitals, which overlap to form a 2 bond, giving a ground term of 1 ⌺ (g) ϩ symmetry. The d orbital contributions to the bonding in other transition metal diatomics may be tested by comparisons of the bond energies, bond lengths, and vibrational frequencies to those of the corresponding coinage metal analogs. In a 1993 review 1 the experimental data and factors affecting the electronic structure in the coinage and nickel group dimers have been discussed. For the nickel group dimers, the open d orbitals both greatly increase the number of low-lying excited electronic states and create the possibility of d orbital contributions to the bonding. 1, 2 To make further comparisons of the chemical bonding in the nickel and copper groups, more experimental data about each group is needed. Toward this end, we have performed dispersed fluorescence studies on the least well known of the coinage metal diatomics, AgAu, and on the nickel group dimer most likely to display significant d orbital contributions to the bonding, Pt 2 .
II. EXPERIMENT
Laser-induced fluorescence spectroscopy was used to investigate supersonically cooled Pt 2 and AgAu molecules. The instrument has been described in detail previously. 3 The molecules were formed by pulsed laser ablation ͑Nd:YAG, 1064 nm͒ of either a pure platinum metal disk, or an AgAu ͑2:1͒ alloy metal disk, followed by supersonic expansion in helium carrier gas ͑120 psi͒. The metal targets were prepared by melting in an electric arc furnace a 12 g sample of platinum, or silver and gold metals in a 2:1 Ag:Au molar ratio for the AgAu ͑2:1͒ sample. The bond energy of Au 2 , 2.305 Ϯ0.005 eV, 4 is much greater than that of Ag 2 ͑1.65Ϯ0.03 eV͒, 2 and is also somewhat greater than the bond energy of AgAu ͑2.06Ϯ0.10 eV͒. 5 To decrease the probability of displacement reactions such as AgAuϩAu→AgϩAu 2 occurring in the cluster formation zone, as well as the cost of the sample, the Ag:Au ratio was increased from the 1:1 ratio, which might be considered optimal for the formation of a 1:1 mixed metal molecule, and a 2:1 Ag:Au alloy was used instead.
The laser ablated metal atoms were entrained in a pulse of helium carrier gas and traveled through a 5.9 cm longϫ2 mm diam channel before expansion into vacuum (2 ϫ10 Ϫ4 Torr) through a 2 mm orifice. The resulting jetcooled molecular beam was crossed at right angles by a Nd:YAG-pumped tunable dye laser beam ͑Ϸ0.7 cm Ϫ1 resolution͒ 1 cm downstream from the exit orifice to excite the molecules. Fluorescence was collected at right angles to the molecular beam and to the excitation laser beam, and dispersed with a 0.25 m monochromator. The intensity of the fluorescence in the case of AgAu permitted the monochromator slits to be narrowed to widths in the range of 0.10-0.20 mm, corresponding to a resolution of 3-7 Å. The weaker fluorescence signal for Pt 2 required a somewhat greater slit width of 0.35 mm, corresponding to a resolution of 12 Å.
In addition to diatomic AgAu, a large quantity of Au 2 was produced when the 2:1 Ag:Au sample was used. Although diatomic gold has intense transitions in the frequency range of the AgAu transitions that were excited in this study, its spectrum is sufficiently sparse 6 that fluorescence originating from Au 2 could be readily identified. Diatomic silver has no transitions in the frequency range probed here, so we are confident that the dispersed fluorescence data collected for AgAu does truly originate from this molecule.
III. RESULTS

A. Dispersed fluorescence spectra of AgAu
Fluorescence resulting from excitation of the 0-0, 2-0, 3-0, 11-0, and 18 -0 bands of the A←X 1 ⌺ ϩ system of AgAu was dispersed, and the 51 observed vibronic levels of the X 1 ⌺ ϩ ground state were fitted to extract ground state vibrational constants. The vЈ-0 bands of the A←X 1 ⌺ ϩ system have been previously recorded at a resolution limited by the probe dye laser ͑0.7 cm Ϫ1 ͒. This resolution is much better than that obtained in the present dispersed fluorescence experiments, so the previously reported vЈ-0 band frequencies were used to calibrate the present data. Table I Here, as in the remainder of this paper, the error limits that are reported are the 1 error limits generated by a standard least-squares fitting procedure. 7 They are undoubtedly somewhat too optimistic, but it is unclear to the authors how to devise more reliable error limits. In any case, the resulting vibrational frequency is in surprisingly good agreement with the estimated value of 196 cm Ϫ1 obtained in the previous resonant two-photon ionization ͑R2PI͒ study by the analysis of isotope shifts. 6 Figures 1 and 2 display the fluorescence resulting from the excitation of the 2-0 and 3-0 bands, respectively. Two nodes are clearly visible in the fluorescence intensity pattern displayed in Fig. 1 for excitation of the vЈϭ2 level of the A state, and three nodes are observed in the fluorescence from vЈϭ3 displayed in Fig. 2 . These intensity patterns confirm the assignment of the vibrational levels previously reported 6 and provide sufficient data for a Franck-Condon estimate of the change in bond length upon electronic excitation. The Franck-Condon analysis was performed using Morse potentials for the upper and lower states, with the potentials given by the measured ground and excited state 6 vibrational frequencies and anharmonicities. A comparison of the measured and calculated Franck-Condon factors for the 2 -vЉ and 3 -vЉ bands, corrected for the wavelength-dependent grating efficiency and photomultiplier quantum efficiency, provides an estimate of the bond length change upon electronic excitation as 0.214Ϯ0.005 Å.
In a review of the nickel and copper group diatomic metals, it was noted that the measured bond lengths of Cu 2 , Ag 2 , Au 2 , CuAg, and CuAu may be reproduced to an accuracy of 0.012 Å by assigning covalent bond radii of 1.107, 1.263, and 1.233 Å to Cu, Ag, and Au, respectively. 1 These covalent radii predict a ground state bond length of 2.496 Å for AgAu. 1 On this basis the A state bond length may be estimated as 2.71 Å, with a probable error of 0.02 Å.
The great intensity of the A↔X 1 ⌺ ϩ system in AgAu is revealed by the short fluorescence lifetime reported previously, Ϸ39 ns. 6 Assuming that the A state decays entirely by fluorescence to the ground state, this implies an absorption oscillator strength of f Ϸ0.08 for this system, 6 making it very strong indeed. It is the intensity of this band system that permitted the slits to be narrowed on the monochromator to give improved resolution, while simultaneously permitting a large number of vibrational bands to be observed. To obtain the best possible values for the vibrational constants of the ground state, the 18 -0 band was excited in the hope of observing fluorescence to high vibrational levels of the ground state. Figure 3 demonstrates that this was indeed the case, with fluorescence to vЉϭ53 observed. This greatly reduced the uncertainty in the fitted ground state vibrational constants e Љ and e Љx e .
B. Dispersed fluorescence spectra of Pt 2
Dispersed fluorescence spectra were also recorded for four excitations of Pt 2 . The resulting fluorescence band positions are reported in Table II . Three of the four excitation bands, at 17 041, 17 522, and 18 167 cm
Ϫ1
, led to resonance fluorescence to the same lower state. Sixteen vibrational levels were observed for this state, which were analyzed to provide e ϭ222.26Ϯ0.31 cm Ϫ1 and e x e ϭ0.62Ϯ0.02 cm Ϫ1 . The excitation features at 17 041 and 17 522 cm Ϫ1 correspond to excitations of the 7-0 and 10-0 bands of System XVI, as reported in our previous publication, 8 while the excitation at 18 167 cm Ϫ1 represents a new feature that cleanly fits into the progression labeled System XIX. Although System XIX is an intense band system, poor Franck-Condon factors prevented us from recognizing the band at 18 167 cm Ϫ1 as a member of this system in our original paper. 8 With the identification of this as the 0-0 band of this system, the previously published vibrational numbering must now be revised by 1 unit, giving corrected spectroscopic constants of T 0 ϭ18 162.7 cm Ϫ1 , e Јϭ196.6 cm Ϫ1 , and e Јx e Јϭ2.41
Based on the intensity of the observed transitions at 17 041, 17 522, and 18 167 cm Ϫ1 , we believe that the lower state of these bands is the ground state of Pt 2 . Figure 4 displays the dispersed fluorescence spectrum that is obtained following the excitation of Pt 2 at 18 167 cm
, which is now assigned as the 0-0 band of System XIX. The spectrum is contaminated by scattered excitation laser light at 18 167 cm
, but otherwise the Franck-Condon pattern is almost as expected for excitation of a 0-0 band in which a significant change in bond length occurs. A gradual increase in intensity of the 0 -vЉ fluorescence bands is observed with increasing vЉ, followed by a decrease as the vibrational wave functions get out of phase. Two additional vibronic features are evident in this spectrum, however, at 15 280 and 15 086 cm . These represent fluorescence to the vЉϭ0 and vЉϭ1 levels of a new electronic state lying 2877 cm Ϫ1 above the ground state. The vЉϭ0 -7 levels of this new electronic state are also observed in fluorescence excited at 17 041 cm
, and this allows the vibrational frequency of the 2877 cm Ϫ1 state to be determined as e ϭ197.3 Ϯ1.8 cm Ϫ1 . The dispersed fluorescence spectrum displayed in Fig. 4 clearly shows that the vЉϭ0,1 levels of the new electronic state perturb the vЉϭ12-15 vibrational levels of the ground state, causing these levels to gain intensity in fluorescence. The mixing of vibronic levels of the 2877 cm Ϫ1 state with those of the ground state implies that both of these electronic states have the same Hund's case ͑c͒ symmetry, since the Hamiltonian matrix elements that could cause mixing of states having different ⍀ values would be expected to be less than 1 cm Ϫ1 in magnitude for the rotational levels populated in our molecular beam, and would lead to negligible state mixing. An examination of the low-lying electronic states calculated by Balasubramanian 9 then suggests that both the 
͒.
9 Although the experimental data reported here provide no information about the symmetry of the ground and 2877 cm Ϫ1 state by themselves, a comparison with the theoretical calculations certainly suggests that both states are of 0 g ϩ symmetry. For this reason, this assignment is tentatively adopted in the remainder of this paper. Proof of this assignment will require a rotationally resolved study of the Pt 2 molecule, which is currently in progress.
The fourth vibronic excitation investigated, at 16 453 cm Ϫ1 , corresponds to the 3-0 band of our previously published System XVII. 8 , which is now assigned as the 0-0 band of the previously reported System XIX. In addition to fluorescence to the ground state, fluorescence to the ͓2.9͔0 g ϩ state is also observed. The apparent intensity at the excitation frequency is increased by scattered laser light, and small features to the red of the 0-1 and 0-2 bands are caused by transitions excited in jet-cooled Pt 2 by amplified spontaneous emission in the pump dye laser. . This excitation corresponds to the 3-0 band of System XVIII, as defined in Ref. 8. b Bands were first shifted by subtracting the excitation frequency to provide the absolute energy of the lower level of the emission band. Bands terminating in the same lower state were fit in a global fit to the standard equation ϭT 0 Ϫ e ЉvЉϩ e Љx e Љ(vЉ the ion pair state corresponds to a 4d Ag 10 5d Au 10 1 * 1 electronic configuration with a nominal bond order of 0. The significant bond lengthening upon electronic excitation, as deduced from the Franck-Condon analysis, and the decrease in vibrational frequency from 198.22Ϯ0.11 to 115.73Ϯ0.18 cm Ϫ1 , 6 are in complete agreement with these configurational assignments.
B. Pt 2
The dispersed fluorescence study of Pt 2 15 and is significantly higher than the value of 197.4Ϯ3.3 cm Ϫ1 obtained in a luminescence spectrum of mass-selected Pt 2 in a cryogenic argon matrix. 16 Our measured value of e for the ground state is also approximately 18% greater than that predicted in the most detailed ab initio investigation reported to date. 9 The ground state vibrational frequency measured for Pt 2 in the present study is approximately 17% greater than that of Au 2 , 1 suggesting that the 5d orbitals may be actively engaged in chemical bonding in diatomic platinum. This suggestion also finds support in the enhanced bond energy of Pt 2 ͑3.14Ϯ0.02 eV͒ 8 as compared to Au 2 ͑2.305Ϯ0.005 eV͒. 4 In addition to this measurement of the ground state vibrational constants, two low-lying states of Pt 2 were observed in the present dispersed fluorescence experiments. The ͓2.9͔0 g ϩ state was observed in fluorescence after excitation from the ground state of the molecule. This enabled its term energy to be accurately measured as 2876.8Ϯ10.1 cm
Ϫ1
. Its vibrational constants were determined as e Ј ϭ197.3Ϯ1.8 and e Јx e Јϭ0.06Ϯ0.22 cm Ϫ1 . This is in close agreement with the state designated as band V in the photoelectron spectroscopic study, which was listed as occurring at a term energy of 2912Ϯ81 cm
, with e Јϭ205Ϯ25 cm Ϫ1 . 15 Again, a significant improvement in the precision of these parameters has been achieved in the present study.
The second low-lying state identified in this study remained populated in the jet-cooled Pt 2 beam for a distance of at least 1 cm downstream of the expansion orifice. It was only from the fact that fluorescence to the state from which the absorption originated gave a vibrational frequency different from the ground state that this low-energy state was recognized.
Fluorescence was only observed in this instance back down to the state from which the absorption originated, so it is impossible to know the energy of this state relative to the ground state. Because neither the term energy nor the ⍀ value of this state are known, the state is only labeled as the A state in Table III 15 and therefore no meaningful comparison to the photoelectron study can be made. Likewise, the errors in the vibrational frequencies calculated for Pt 2 in Balasubramanian's study are undoubtedly large enough to prevent the unique identification of this state by a comparison to theory. 9 In the first gas-phase investigation of Ni 2 , which is isovalent with Pt 2 , a similar low-energy state remained populated in the jet-cooled molecular beam and was mistakenly assigned as the ground state. 17 In the case of Ni 2 , this metastable state was characterized by ⍀ϭ4, while the true ground state was subsequently found to possess either ⍀ ϭ0 g ϩ or 0 u Ϫ . 18 It was suggested that the large change in ⍀ between this metastable state and the ground state prevented its relaxation via collisions with helium during the supersonic expansion. 18 It is quite possible that a similar effect is occurring in the case of Pt 2 , and that the unquenched electronic state observed in the present dispersed fluorescence studies possesses a value of ⍀ that differs substantially from that of the ground state. According to the most detailed ab initio calculations available, the Pt 2 ground state is of ⍀ ϭ0 g ϩ symmetry, and the lowest-energy excited state possesses ⍀ϭ5 u . 9 Clearly, one would expect it to be difficult to quench a high angular momentum state with ⍀ϭ5 u to a state of ⍀ϭ0 g ϩ symmetry, since this requires the complete reversal of the angular momentum on one of the 5d 9 platinum , which corresponds to the 3-0 band of the previously reported System XVII. This excitation is thought to originate from an unquenched low-lying state. This signal was very weak, and the apparent intensity at the excitation frequency is due mostly to scattered laser light. . This last state was found to be incompletely quenched in the jet-cooled molecular beam, and its term energy could not be determined in the present set of experiments.
